Unusual or unexpected effect of treatment Background:
Background
Sulfamethoxazole/trimethoprim (SMX/TMP) is a common firstline treatment for many types of infections. An important indication of SMX/TMP is prophylaxis against the immunosuppression-induced pneumonia caused by Pneumocystis jiroveci.
Methemoglobinemia is a potentially life-threatening disorder that requires prompt identification and treatment to prevent serious sequelae. There are several reports of the development of methemoglobinemia with traditional dosing of SMX/TMP used for treatment of various infections when administered several times daily [1] [2] [3] [4] [5] [6] [7] . However, upon a thorough literature review, no articles were found describing the development of this serious adverse effect in children or when SMX/TMP was given only three times weekly, which is the standard dosing frequency for the prophylaxis of opportunistic infections. This is an important consideration because SMX/TMP given only three times weekly may be overlooked when evaluating possible causes of methemoglobinemia. Herein we report a case of a pediatric patient who developed SMX/TMP-induced methemoglobinemia while receiving the medication at significantly reduced doses and intervals compared with those in previous reports of this adverse effect.
Case Report
A 6-month-old male with no previous medical history or history of methemoglobinemia was admitted to the pediatric hematology/oncology service for workup and treatment of an abdominal mass, lethargy, and poor feeding. Prior to this encounter, he had no significant past medical history. After a thorough workup, he was diagnosed with juvenile myelomonocytic leukemia (JMML). JMML is a rare and aggressive myeloid neoplasm that requires aggressive treatment with chemotherapy known to cause immunosuppression. While on chemotherapy, the patient was maintained on SMX/TMP for prophylaxis of opportunistic infections. During the course of therapy, the patient developed respiratory failure requiring intubation and mechanical ventilation, which required admission to the pediatric intensive care unit (PICU) on hospital day 9.
Upon admission to the PICU, the patient's oxygen saturation (SpO 2 ) was 99-100%, and his arterial blood gas (pO 2 ) levels were within the normal range. On hospital day 23 (16 days after initiation of SMX/TMP therapy) while in the PICU, the patient's SpO 2 levels became abnormally low despite escalating fraction of inspired oxygen (FiO 2 ) delivery (85-93% over the 24-hour period immediately preceding methylene blue administration), while conversely the pO 2 levels were normal to slightly increased (93-162 mm Hg).
Methemoglobinemia is strongly suggested when there is clinical cyanosis or hypoxia by pulse oximeter in the presence of a calculated normal arterial pO 2 (PaO 2 ) as obtained by arterial blood gases, as documented in this patient. Other manifestations that may suggest methemoglobinemia include symptoms of hypoxia and/or clinical symptoms of reduced oxygen availability after administration or ingestion of an agent with oxidative potential (of which SMX/TMP is a known cause), hypoxia that does not improve with an increased FiO 2 , or abnormal coloration of the blood observed during phlebotomy (dark red, chocolate, or brownish to blue). A methemoglobin level was checked on hospital day 23 (day 16 of SMX/TMP prophylactic therapy) and was found to be 7.2% (normal range: 0-3%). When an elevated level of methemoglobinemia was found in our patient, an investigation of the cause of his methemoglobinemia ensued.
Investigations to rule out congenital causes of methemoglobinemia were performed to rule out hemolysis (complete blood count [CBC], reticulocyte count, peripheral smear review, lactate dehydrogenase, bilirubin, haptoglobin, and Heinz body preparation) and end-organ dysfunction or failure (liver function tests, electrolytes, renal function tests). There were no signs of acute liver or kidney injury, and CBC and peripheral smear showed no signs of hemolysis in this patient. Although these tests did not completely exclude the possibility of congenital methemoglobinemia, it made the likelihood very low.
After a thorough workup and medication review, the most probable etiology of methemoglobinemia was found to be SMX/TMP administration. A list of the patient's medications in the seven days preceding his diagnosis with methemoglobinemia can be found in Table 1 . After his diagnosis of methemoglobinemia, all of these medications were continued with the exception of SMX/TMP. The patient's SMX/TMP therapy was immediately discontinued in favor of pentamidine for opportunistic infection Table 1 . Medications administered <7 days prior to desaturations and symptoms.
prophylaxis, and he was given methylene blue 2 mg/kg intravenously for treatment of methemoglobinemia. This was repeated two hours after the first dose was administered for a total of two doses administered to the patient.
After these two doses of methylene blue (hospital day 25), his methemoglobin level was 1.4% and his SpO 2 had normalized, indicating that the methemoglobinemia had resolved. Pentamidine was continued for opportunistic infection prophylaxis in this patient, and subsequent methemoglobin levels remained normal, confirming that SMX/TMP was the cause of this patient's methemoglobinemia.
Discussion
Methemoglobin is a form of the oxygen-carrying metalloprotein hemoglobin, in which the iron in the heme group is in the Fe 3+ (ferric) state, not the Fe 2+ (ferrous) state of normal hemoglobin [8] . Reduced ferrohemoglobin (Fe 2+ ) binds oxygen reversibly, but methemoglobin cannot bind oxygen [9] . Normally 1-2% of a person's hemoglobin is methemoglobin; a higher level of methemoglobin will tend to cause a pulse oximeter to read closer to 85% regardless of the true level of oxygen saturation [1] . Signs and symptoms of methemoglobinemia can vary drastically from patient to patient. Some healthy individuals may not experience symptoms with a methemoglobin level of 15%, but this level could be deadly in a patient with comorbidities that affect oxygenation [10] . Methemoglobinemia carries serious implications for patients, including cyanosis, arrhythmias, and possible death. Severity of symptoms is dependent on the percentage of methemoglobin that is present [11] . Patients with lung disease, anemia, sepsis, or sickle cell disease, infants younger than age 6 months, and any patient with a comorbidity that affects oxygenation are at the greatest risk for developing methemoglobinemia [10] .
Because of the patient's chemotherapy regimen and risk for opportunistic infections, specifically Pneumocystis jiroveci pneumonia, he was initiated on SMX/TMP via nasogastric tube at a dose of 24 mg daily (~5 mg of TMP/kg/day) given three times weekly. The recommended treatment dose for pediatric patients with active Pneumocystis jiroveci pneumonia is 15-20 mg of TMP/kg/day, which in this patient would have been a total dose of 75-100 mg of TMP/day. This comparison highlights the significantly decreased daily dose (24 mg/day vs. 75-100 mg/day) administered as well as the reduced prophylactic dosing interval of three times weekly versus daily in patients with active infection.
Methemoglobinemia can be either congenital or acquired [12] . Acquired forms of the disease are far more common and are usually induced by medications such as SMX/TMP, dapsone, lidocaine, benzocaine, acetaminophen, and nitroprusside [9] . These medications speed the production of methemoglobin to levels that overwhelm the reduction enzymes within red blood cells [13] . Our patient had received no other medications that are known to cause methemoglobinemia (Table 1) . Of the drugs known to cause methemoglobinemia, SMX/TMP is one of the most commonly used and is prescribed for many indications and types of infections. In our patient, because of his immunocompromised status, SMX/TMP was indicated for prophylaxis of a common opportunistic infection, Pneumocysitis jiroveci, which is a known cause of morbidity and mortality in patients with malignancies. When given for an active infection, SMX/TMP is a known cause of methemoglobinemia, as described in many previous case reports [1] [2] [3] [4] [5] [6] [7] 12] . All of these case reports were of adult patients, and all patients were receiving SMX/TMP at treatment doses, with one exception. Kawasumi et al. reported the case of an adult systemic lupus erythematosus patient who received the appropriate adult prophylactic dosing for opportunistic infections (400/80 mg), but received only one dose before developing methemoglobinemia [12] . To our knowledge, our case is the first report of the development of methemoglobinemia in a pediatric patient receiving prophylactic dosing given three times weekly, which represents a markedly reduced dose when compared with treatment for active infection (24 mg/day given three times weekly vs. 75-100 mg in daily divided doses, respectively).
When caught early, methemoglobinemia can be effectively treated by removal of the offending agent and administration of oxygen, which can accelerate the conversion of methemoglobin to hemoglobin. Patients with symptomatic methemoglobinemia, patients with comorbidities and a methemoglobin level of >10%, and asymptomatic patients with a methemoglobin level of >30% require treatment [13] . The treatment of choice for methemoglobinemia is methylene blue [14] . Methylene blue works as a cofactor for NADPH-methemoglobin reductase, which is the major pathway for reduction of methemoglobin in the red blood cell. Increased levels of this cofactor can speed the reduction of methemoglobin to hemoglobin [1] . For the treatment of methemoglobinemia, methylene blue is given intravenously at a dose of 1-2 mg/kg over 5 minutes. This dose can be repeated in 30 minutes if needed [10] . Although there are currently no other approved therapies for methylene blue-resistant methemoglobinemia, exchange transfusions and hyperbaric oxygen therapy have been used, but the efficacy of these methods have not been validated [15] .
Conclusions
To our knowledge, this is the first report of methemoglobinemia occurring after the use of three times weekly dosing of SMX/TMP in a pediatric patient. Because of the serious adverse effects of methemoglobinemia, early detection and appropriate treatment are essential. The clinician should always consider SMX/TMP, even when given at reduced frequencies as prophylaxis, as a possible cause of methemoglobinemia and adjust therapy accordingly.
